Examination of types and recently collected specimens revealed that Ansonia anotis Inger, Tan, and Yambun, 2001 and Pedostibes maculatus (Mocquard, 1890), both described from Kinabalu, Sabah, Malaysia, are hardly differentiated morphologically. Analyses of a total of 2,427 bp of the 12S rRNA, tRNA val , and 16S mitochondrial rRNA genes revealed that the two species are very close genetically. Thus A. anotis is regarded as conspecific and is synonymized with P. maculatus. Genetically, this species proved to form a lineage distinct from other bufonids from Southeast Asia, including species of Ansonia and Pedostibes. Because the species has also some unique morphological traits different from known bufonid genera, we propose to establish a new genus for Nectophryne maculata Mocquard, 1890.
INTRODUCTION
Southeast Asia is one of the centers of amphibian diversification (Inger, 1999) , and this holds for the toad family Bufonidae. On the island of Borneo, as many as six bufonid genera (Bufo Laurenti, 1768 , Ansonia Stoliczka, 1870 , Leptophryne Fitzinger, 1843 , Pedostibes Günther, 1876 , Pelophryne Barbour, 1938 , and Pseudobufo Tschudi, 1838 have been recorded (Inger, 1966; Inger and Tan, 1996; Malkmus et al., 2002) , and the number is even greater if we admit Frost et al.'s (2006) proposal to split Bufo into several distinct genera. This might promote uncovering the paraphyletic nature of the genus Bufo (e.g., Graybeal and Cannatella, 1995) , but applying unfamiliar names for many taxa, without substantially providing their diagnostic characters, could result in further taxonomic confusion.
Some other Bornean genera are taxonomically more conservative than Bufo and occupy specific ecological niches (Inger, 1958) . Of these, Ansonia is characterized by small to medium adult body size and a unique larva with a large oral sucker adapted for life in torrents. Both Pelophryne and Pedostibes are adapted for arboreal life, but Pelophryne is small in body size, and lays small numbers of large yolky eggs, while Pedostibes is moderate to large sized, and its eggs are numerous and small. Recent molecular studies indicate close relationships of Pedostibes with Bufo asper Gravenhorst, 1829 and B. juxtasper Inger, 1960 (Frost et al., 2006 our own observations, see Results) . Inger et al. (2001) described Ansonia anotis Inger, Tan, and Yambun, 2001 from Sayap, in the Kinabalu National Park of Sabah, Malaysian part of northern Borneo (Fig. 1) . The species is characterized mainly by lack of a tympanum, large spatulate finger disks, and the unique morphology of the putative larva. However, because only several specimens have been obtained since its description, details of the species are unclear. Recently, on the joint expedition of UMS (University Malaysia Sabah) and JICA (Japan International Cooperation Agency) to the Crocker Range National Park (Fig. 1) , Sabah, in 2002, four toads were collected. These specimens were very similar to Pedostibes maculatus (Mocquard, 1890) , originally described as Nectophryne, and were identified as that species (Kueh et al., 2004) . Like A. anotis, P. maculatus is characterized by lack of the tympanum and large finger disks (Boulenger, 1918; Inger, 1966) , and these species could not be clearly distinguished from one another by any morphological traits described in the literature.
We compared the two species morphologically using available specimens, including three syntypes of N. maculata, stored in the collection of Museum National d'Histoire Naturelle, Paris (MNHNP), to determine their taxonomic relationships. Further, in order to clarify their phylogenetic relationships among Southeast Asian bufonids, we analyzed sequences of the 12S and 16S mitochondrial rRNA genes of the two species, as well as of representatives of related bufonids for comparisons. Six body measurements were taken, following Matsui (1984) : 1) snout-vent length (SVL), 2) head width (HW), 3) lower arm length (LAL), 4) thigh length (THIGH), 5) tibia length (TL), and 6) foot length (FL). All measurements were made to the nearest 0.1 mm with dial calipers. Dimensions were converted to a percentage ratio (R) in relation to SVL for comparisons, although small sample sizes examined prohibited statistical comparisons. We made slight dissections to examine tympanic structure and gonads, and prepared radiographs to examine gross osteology.
MATERIALS AND METHODS
For genetic comparisons, we studied one specimen each of A. anotis and P. maculatus from among the specimens used for morphological comparisons. For comparisons, we used the following species (Table 1) : A. malayana Inger, 1960; A. hanitschi Inger, 1960; A. longidigita Inger, 1960; A. fuliginea (Mocquard, 1890) ; Pedostibes hosii (Boulenger, 1892); P. rugosus Inger, 1958 ; Pelophryne misera (Mocquard, 1890) (Girard, 1855) from GenBank (AY326030), a member of the supposed bufonid sister family, Dendrobatidae Cope, 1865 (Frost et al., 2006) , as outgroup (Table 1) . We extracted DNA from small amounts of frozen or ethanolpreserved tissues using standard phenol-chloroform extraction procedures (Hillis et al., 1996) . We conducted amplifications by the polymerase chain reaction (PCR) with the primers Thr Lrn (AAAR-CATKGGTCTTGTAARCC) modified from Shaffer and Mcknight (1996) and Hedges 16H1 from Hedges and Maxson (1993) to obtain 2.4 kb of the 12S and 16S rRNA genes and the intervening tRNA gene for valine. We sequenced the amplified fragments in an automated DNA sequencer (ABI PRISM 3100) using the same primers and eight additional primers (sequences of primers available on request from the senior author), and following the manufacturer's instructions. Sequences newly obtained will be deposited in GenBank (accession numbers AB331708-331721).
We obtained and eye-checked sequence data for each sample using ABI PRISM Sequencing Analysis Software (V3.6.2), and performed alignments of data from all samples by clustal option of the BioEdit software (Hall, 1999) . After testing consistency among the genes by the use of incongruence length difference (ILD) tests with 1,000 randomized partitions (Farris et al., 1994) and confirming no significant heterogeneity, we combined the 12S, tRNA val , and 16S sequences into a single data set of 2,427 bp. We constructed neighbor-joining (NJ) phylogenies using Kimura two-parameter (K2p) distances (Kimura, 1980) and maximum-parsimony (MP) phylogenies using heuristic searches with TBR branch swapping implemented in PAUP*4.0b10 (Swofford, 2002) . We tested robustness of the NJ and MP tree topologies by bootstrap analyses (Felsenstein, 1985) , with 1,000 replicates (Hedges, 1992) . We regarded tree topologies with bootstrap values (BS)≥70% as sufficiently resolved (Huelsenbeck and Hillis, 1993) .
We also performed Bayesian analyses using the Markov chain Monte Carlo technique (MCMC) implemented in MrBayes 3.0b4 . Hierarchal likelihood ratio test (hLRTs) using the program MODELTEST 3.06 (Posada and Crandall, 1998 ) selected the GTR+I+G model as the DNA substitution model that best fit our data. We initiated four independent analyses with a random starting tree that ran for 2.0 million generations. Because we found the log likelihood scores to stabilize after 50,000 generations, we conservatively discarded the first 1.0 million generations from each run as "burn-in". We sampled one of every 100 generations from the remaining 1.0 million generations (10,001 trees across all four independent analyses) to calculate posterior probabilities (BPP) for each branch in the Bayesian tree, and considered BPP≥95% as significant support (Larget and Simon, 1999; Huelasenbeck et al., 2001) .
RESULTS

Morphology
Specimens of A. anotis agreed well with the diagnosis given in the original description of Inger et al. (2001) : "lacking a tympanum; snout projecting beyond lower jaw; first finger not reaching swollen tip of second; tips of outer fingers The holotype of A. anotis is a female with SVL 52.6 mm, which is slightly larger than that given in the original description (52.1 mm: Inger et al., 2001) . The other two specimens considered as males are 39.0 and 35.5 mm in SVL (Table  2) . Of three syntypes of N. maculata, two females are 51.5 and 45.4 mm in SVL, and an individual of unknown sex is 37.5 mm in SVL. Of the P. maculatus collected from the Crocker, the largest one is the female 48.6 mm in SVL; the male is 30.4 mm in SVL. The remaining two specimens of unknown sex are 31.9 and 39.7 mm in SVL. Thus, A. anotis, N. maculata, and P. maculatus do not differ from each other in SVL in either sex, although the maturity of males is not clear. These species also had similar relative size in head (median of RHW=29.0, 28.5, and 27.9%, respectively), and hindlimb characters (medians: RTHIGH=51.9, 52.4, and 55.1%; RTL=59.2, 56.6, and 61.4%; RFL=43.7, 43.7, and 45.5%, respectively; Table 2 ).
As described by Inger et al. (2001) , the holotype of A. anotis in preservative is slight gray to brown on dorsal and lateral surfaces, scattered with many small, roundish dark spots, and pale brown on ventral surfaces. Limbs are barred with dark bands (Fig. 2) . In the two males, the ground color of the dorsum was light green in life (Fig. 3 ). Mocquard's (1890) original description for N. maculata, "Dorsum grey brown scattered with small irregular black spots, isolated or confluent; transverse bands on limbs; ventral surface a little lighter grey brown", was barely evident because the three specimens are all faded (Fig. 2) . Color of P. maculatus both in preservative and in life (Fig. 2, 3 ) was almost identical to that of A. anotis.
In addition, A. anotis was nearly identical with N. maculata and P. maculatus in morphological characteristics other than the morphometric and color traits. The following characteristics were found in common with them: lacking bony crests on head, parotoid gland, tympanum, columella, and eustachian tube; snout projecting beyond lower jaw; hand very large, first finger much shorter than second; tips of outer fingers expanded into distinct, spatulate discs; web extending beyond distal subarticular tubercles of third and fifth toes. Males lack vocal sac opening, nuptial pad, and mandibular spines.
DNA sequences
We We obtained six most parsimonious trees with 311 evolutionary steps, with a consistency index of 0.521 and a retention index of 0.335. All phylogenetic analyses resulted in the similar topologies (only the Bayesian tree from the combined data set is shown in Fig. 4) . The following relationships were indicated, with high support, by all three methods employed: (1) monophyly of bufonid species other than Atelopus with respect to Dendrobates (BS=97% in MP, BS=99% in NJ, BPP=100%); (2) monophyly of four species of Ansonia other than A. anotis (99%, 100%, 100%, respectively); (3) sister-group relationship of two species of Pelophryne (100% in all); (4) sister-group relationship of A. anotis and P. maculatus (BS=100% in all). In addition, monophyly of two species of Pedostibes other than P. maculatus was supported in NJ (BS=70%), and monophyly of these two species with Bufo juxtasper was supported in the NJ and Bayesian trees (BS=88% and BPP=96%).
DISCUSSION
Comparisons of Ansonia anotis and Pedostibes maculatus
All the characters of P. maculatus originally listed by Mocquard (1890, as Nectophryne: see above) and expanded by Inger (1966) apply to A. anotis (see above diagnosis), except for one point. According to Inger (1966) , a male stored in Zoologisches Museum zu Berlin (now Museum für Naturkunde der Humboldt-Universität zu Berlin, ZMB 29466) has a blackish nuptial pad covering the dorsal surface of the first finger and the medial edge of the entire metacarpal. Because we could not definitely determine the maturity of available males that had no secondary sex characters, we admit the possibility that fully mature A. anotis may have a nuptial pad.
Ecologically, the two species also resemble one another; Inger et al. (2001) noted that the holotype and a male paratype were found on a log beside stream, and on a rock at the bank of a stream, respectively. However, a juvenile paratype was obtained from 2 m above ground in a small hole in the trunk of a large tree. Similarly, all four specimens of P. maculatus from the Crocker range were found 1-2 m above ground on the trunk of a huge tree, 10 m from the edge of a small stream (width=3 m). Two individuals were found just above a small hole in the trunk (Fig. 3) .
As shown above, the results of the present study clearly indicate that A. anotis and P. maculatus are morphologically, genetically, and ecologically hardly distinguishable, and that the former should be synonymized with the latter, pending the question of the male nuptial pad. Slight genetic differentiation found between the Kinabalu and Crocker samples indicates the presence of some degree of isolation between the localities. A similar, but larger, degree of genetic differentiation between these two regions has been detected in a stream-living ranid, Meristogenys kinabaluensis (Inger, 1966 ) (Shimada, unpublished data).
Taxonomic history of Pedostibes maculatus
Mocquard (1890) without any reason placed maculata in Nectophryne Buchholz and Peters in Peters, 1875, but Barbour (1938) later moved the species to Pelophryne with some consideration. Barbour thought that several bufonid species from Asia, then included in Nectophryne, are closely related and differ from African members. He divided the Asian species into two genera: Pedostibes Günther, 1876 (type species P. tuberculosus Günther, 1876 from Malabar, India) and his new genus Pelophryne Barbour, 1938 . The diagnostic characteristics Barbour (1938) listed for Pelophryne include usually seven, and perhaps occasionally six, presacral vertebrae, fusion of the coccyx (=uro-style) to the sacrum, and presence of coccygeal expansions. Barbour (1938) placed N. maculata in Pelophryne, although he noted that because of the hidden tympanum, this species might turn out not to be congeneric with any species of Pelophryne. Barbour (1938) probably believed N. maculata to have the coccyx expanded dorsally and fused to the sacrum, and seven presacral vertebrae, like other members of Pelophryne. Inger (1966) examined the syntypes of N. maculata and clarified Barbour's (1938) mistakes. He ascertained that the species has a coccyx that is not equally expanded dorsally nor fused to the sacrum, and eight presacral vertebrae. These traits were confirmed by our examination of radiographs. Inger (1966) also noted that two of the three syntypes have numerous small ova (more than 50 per ovary, also confirmed in the present study), unlike members of Pelophryne, with a small number of large eggs, but like Pedostibes. Inger (1966) thus moved Pelophryne maculata to Pedostibes, even though the species lacks a parotoid gland, unlike its congeners. All subsequent authors (e.g., Inger and Tan, 1996; Malkmus et al., 2002; Matsui, 2006) have followed this classification.
Notwithstanding close morphological similarities with P. maculatus in metamorphs, Inger et al. (2001) described A. anotis as a new species of Ansonia, whose tadpoles are famous for their unique conformation of the sucker-type oral disc (Inger, 1960 (Inger, , 1966 . Inger (1992) reported from Sabah a unique bufonid tadpole, which he assigned to the genus Ansonia and called the Ansonia "sucker". It has a large oral disc only slightly narrower than the widest part of the body, like other Ansonia larvae (Inger, 1966) , but at the same time lacks an upper jaw sheath, unlike congeneric species. What is more unique is that it characteristically has a sharply defined abdominal sucker immediately behind the oral disc, similar to that found in the torrent-dwelling ranids Meristogenys Yang, 1991 and Huia Yang, 1991 (not sensu Frost et al., 2006) , but which has never been seen in Bornean bufonids.
Because Inger et al. (2001) found no species of Ansonia other than the juvenile paratype of A. anotis, and no form of larval Ansonia other than the Ansonia "sucker" (1992) at Purulon, one of the known habitats of A. anotis in the Crocker Range, they associated these (metamorph and larva) as conspecific. In most Ansonia species, the tympanum is exposed, but it is hidden under the skin in A. mcgregori (Taylor, 1922) and A. muelleri (Boulenger, 1887 ) from the Philippines. Inger et al. (2001) considered the complete absence of tympanum in A. anotis to be a more extreme condition, within a generic morphocline, than in the two Philippine species. Also, the larval upper jaw sheath in Ansonia varies from large to very small, as if leading to the absence in A. anotis. Furthermore, postdental portion of the suctorial lip also varies from small to large, and the abdominal sucker found in A. anotis can be viewed as an extension of such a morphocline. Thus, Inger et al. (2001) concluded that both the metamorph and the larva represent extremes of morphological specialization among Ansonia species, although they admitted the possibility that A. anotis warrants distinct generic status.
Designation of lectotype of Nectophryne maculata and new generic allocation
To prevent future taxonomic confusion, we select NMHNP 1899-267 as the lectotype of Nectophryne maculata Mocquard, 1890 . This specimen is the largest of the syntypes and is considered to be that figured in the original description. The remaining two specimens, NMHNP 1899-266 and 268, thus automatically become paralectotypes of this name. The lectotype is shown in Fig. 2B , E, and measurements are shown in Table 2 . The results of our genetic analyses strongly indicate that the species forms a distinct lineage among Southeast Asian bufonids, and, because the species is also morphologically unique, it cannot be allocated to any currently known genus. Therefore, we here propose to establish a new monotypic genus for N. maculata, with A. anotis as a synonym.
Sabahphrynus new genus Diagnosis
A bufonid genus lacking tympanum annulus, columella, and eustachian tube; head without bony crests; no parotoid gland; tips of outer fingers expanded into distinct, spatulate discs; distal phalanges T-shaped; subarticular tubercles normal, though weak; toe webbing moderately developed; male without vocal sac opening or mandibular spines; ova numerous, small and unpigmented; coccyx neither expanded dorsally nor fused to the sacrum, movable; eight presacral vertebrae; quadratojugal complete: pectoral girdle arciferal. If correctly identified, the tadpole is also unique in the possession of expanded mouthparts and abdominal sucker, and absence of upper jaw sheath.
Comparisons
Among the above diagnostic characters, absence of a tympanum is the most easily confirmed visually. An invisible tympanum is not rare among various bufonid lineages; in many cases, the tympanum is actually present but hidden under the skin (e.g., in some Bufo [sensu lato], some Ansonia, Nannophryne Günther, 1870, and probably Bufoides Pillai and Yazdani, 1973) . Actual absence of a tympanum and columella is more limited to some lineages mostly from Africa (Altiphrynoides Dubois, 1987; Capensibufo Grandison, 1980; Didynamipus Andersson, 1903; Laurentophryne Tihen, 1960; Mertensophryne Tihen, 1960; Nectophryne; part of Nectophrynoides Noble, 1926; Nimbaphrynoides Dubois, 1987; Werneria Poche, 1903; and Wolterstorffina Mertens, 1939) (Grandison, 1978 (Grandison, , 1981 and Middle to South America (some Atelopus; Crepidophryne Cope, 1889; Dendrophryniscus Jiménez de la Espada, 1871; Melanophryniscus Gallardo, 1961; Oreophrynella Boulenger, 1895; Osornophryne Ruiz-Carranza and Hernández-Camacho, 1976; and some Rhamphophryne Trueb, 1971 ) (Savage and Kluge, 1961; Cannatella, 1986) .
The new genus is differentiated from most of these by its larger body size and by widely expanded, T-shaped phalangeal tips (vs. slightly modified, T-shaped or knobbed phalangeal tips in Altiphrynoides, Nectophrynoides, and Werneria) (Grandison, 1978) ; by eight presacral vertebrae (vs. up to seven in Didynamipus, Laurentophryne, Mertensophryne, some Nectophryne, Nimbaphrynoides, Oreophrynella, Osornophryne, and most of Rhamphophryne) (Trueb, 1971; Grandison, 1978; Cannatella, 1986) ; by the absence of sacro-coccygeal fusion (vs. fused sacrum and coccyx in Wolterstorffina) (Grandison, 1978) ; and by the arciferal pectoral girdle (vs. arciferal-firmisternal in some Atelopus, Dendrophryniscus, Didynamipus, and Melanophryniscus) (Trueb, 1971; Cannatella, 1986) . It also differs from Capensibufo by the absence of parotoid gland, presence of toe webs, and a large clutch of small eggs (vs. presence of parotoid gland, absence of toe webbing, and a small clutch of large eggs) (Grandison, 1981) , and from Crepidophryne by normal phalangeal formulae (vs. phalanges reduced) (Savage and Kluge, 1961) .
Etymology
The taxon is named for the state of Sabah, Malaysia from where the unique species has been recorded. The suffix -phrynus is from the Greek, phrynos, meaning a toad.
Type species
Nectophryne maculata Mocquard, 1890. 
